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ABSTRACT 
 
 
We introduce Notables, an interactive online webtool designed to support visualizations that 
highlight a person’s social and communicative behavior. We represent behavior through a 
visualization called Plexlines, which use color coded circles—categorized into gaze, gesture, and 
speech—laid out along a timeline. Plexlines are stored in Notables, which allows users to 
compare and contrast multiple visualizations, highlight specific behaviors, and explore the 
visualization with video support. We use child behavioral data to demonstrate the effectiveness 
of Notables. To date, existing child behavioral data are often stored in raw text files or as 
spreadsheets, making it difficult to spot patterns and outliers. By transforming textual data into 
graphical visualizations, and by leveraging the interactive features of the Notables, users are able 
to make comparisons and interpretations at a glance. Our tool highlights gaze, gesture, and 
speech, which are all important developmental indicators for a young child. When clinicians and 
researchers were presented with Notables, each participant formed their own strategy for 
exploring the visualizations, making comparisons, and identifying outliers. Feedback suggests 
that Notables has potential as a tool for communicating developmental concerns to parents, 
training tool for clinicians, and pre-screening for autism. 
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CHAPTER 1: INTRODUCTION 
 
Behavior is difficult to quantify, especially for young children developing their social and 
communicative skills. Recently, researchers are exploring the use of quantitative behavior 
analysis to supplement qualitative evaluations for understanding child behavior. In order to 
collect quantitative behavioral data, researchers observe children during structured protocols and 
quantify specific behaviors through hand-coding child actions [12]. However, it is difficult to 
make accurate behavioral models based on data in its current form. The data is often stored in 
text form, making comparisons and analysis difficult. We designed Plexlines as a graphical 
representation of this behavioral data, and developed Notables as an interactive web tool to host 
Plexlines. While a single Plexline may provide a brief overview of child behavior at a glance, 
Notables allow users to freely explore multiple Plexlines, and aid in better understanding of 
communicative behavior and spotting developmental delays in children. One of our goals with 
Notables is to create a visualization interface that allows users to explore the visualizations 
tailored to their needs. Unlike static visualizations, interactive visualizations engage users to 
probe and delve deeper into the information, and allow user to interpret the data from different 
angles [18]. 
For evaluation of Notables, we gather our behavioral data from annotations of the Rapid 
Attention Back and Forth Communication Test (RABC) conducted by our collaborators. The 
RABC is a structured experimental social play protocol between a child and an examiner. It was 
developed jointly by Emory and Georgia Institute of Technology for children aged 9–30 months, 
to collect data about a child’s social and communicative behavior as a pre-screener for Autism 
Spectrum Disorders (ASD) [12]. Compared to traditional instruments—such as the Autism 
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Diagnostic Observation Schedule and Autism Diagnostic Interview, Revised [15] —which can 
last hours, an RABC session can be completed in under five minutes [9].  
Using hand-coded annotations, we categorize communicative behaviors into gaze, 
gesture, and speech, representing them as color-coded circles. Laying out these circles along a 
timeline creates an overview of an individual child’s behavior that is interpretable at a glance. By 
taking advantage of a common visual language, we reveal complex patterns of coordinated 
behavior. Clinicians observing the visualizations through Notables can get a sense of the child’s 
behavioral preferences and patterns in a matter of minutes prior to conducting an in-depth 
observational study and analysis. 
In this paper, we will first introduce Plexlines, and then discuss the motivation behind 
Notables, the methodologies used to collect our current set of data, and the technology used in 
creating Notables. We have found that interactive visualizations supported by a browser-based 
tool is highly functional, providing more insight than regular static visualizations. Notables 
received a positive response from autism researchers and clinicians in our evaluations. There is 
potential to extend Notables to social situations to help people see the subtle that are often 
invisible. 
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CHAPTER 2: LITERATURE REVIEW 
 
Current work in behavioral visualization is often limited to one aspect of behavior, such as 
visualization of only speech or only eye gaze (e.g. [2, 6, 7]). We tackle the challenge of 
visualizing multimodal behavior on a temporal graph. In this section, we will discuss our main 
inspirations from work in time series visualization, healthcare records, and interactive 
visualizations, though this is not an exhaustive list of work in the field.  
The pursuit of designing a synoptic chronology chart— a chart that “displays all of its 
data on a single continuous plane, visible all at once”—began in the early 18th century [14]. In 
trying to represent multiple types of data, early line based visualizations—such as William 
Playfair’s wheat and wages chart [13] and Minard’s map of Napolean’s retreat [10]—established 
a way of expressing information through visual media instead of containing information in 
tables. Line based visualizations have been a popular choice for time series data since people 
perceive time as linear [1]. Cloudlines [8] visualizes real-world events on a horizontal timeline, 
using circles to highlight high-density event areas. Leadlines [4] takes this technique a step 
further by supporting the visualization with textual data for event identification. Similar to these 
visualizations, we embrace the functional abstraction of temporal data as a linear graphical 
representation. 
Current work in creating interactive visualizations has grown exponentially with the 
advances in computer technology [5]. In designing a browser environment for archiving and 
comparing Plexlines, we explored the design of existing computer-based interactive 
visualizations. Stasko et al developed Jigsaw, a program that visualizes documents through 
networks which aid analysts in searching, reviewing, and understanding multiple documents 
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[16]. Through interactive exploration, users were able to browse through large bodies of 
information and establish connections between entities effectively. Other examples of interactive 
visualizations include the ongoing work of LifeLines2 [17] and EventFlow [11] at the Human-
Computer Interaction Lab at Maryland. The lab has produced powerful interactive tools for 
visualizing sequences of events. We were inspired by their integration of many co-occurring 
events into one interface with additional functionality to align, rank, and zoom to examine 
records. Unlike LifeLines and EventFlow, we merge all actions of one child onto one timeline 
and allow users to compare and contrast many children in one view. 
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CHAPTER 3: PROJECT BACKGROUND 
 
Notables aggregates data from the RABC, a protocol created for direct observation of social 
communicative behavior of young children. In this section, we will discuss the source of our 
data—the RABC protocol—and the design of Plexlines, which we display through Notables. 
 
3.1 Rapid ABC 
RABC was developed as an easy to administer 5-minute prescreener for ASD. It was specifically 
designed to be accessible to all doctors, and theoretically, can be conducted during a routine 
doctor’s visit [12]. It consists of five stages of play (greet, ball, book, hat, tickle), wherein the 
examiner evaluates the child’s responses to social bids (an attempt by the examiner to initiate a 
response) and the ease of engaging the child.  
RABC is part of a larger research initiative, an NSF Expeditions project involving 9 
universities and an autism center. The RABC data was collected as part of this effort. Over a 
hundred RABC sessions were recorded in a specially instrumented room containing multiple 
cameras, microphones, and a Kinect. For creating the visualizations in our webtool, we utilize 
the camera facing the child and the human coded RABC video annotations.  
The RABC videos were hand coded using ELAN, a software tool to annotate video. 
Three independent coders coded the videos and crosschecked for inter-rater reliability. ELAN 
allows for multimodal analysis through the creation of an annotation hierarchy. ELAN excels at 
categorizing annotations to build hierarchy and abstracting textual annotations into compact 
graphical shapes and symbols. However, ELAN was not designed to reveal patterns in child 
behavior, or to compare between different RABC sessions. In ELAN, the annotations of just one 
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RABC session consist of over thirty annotated features on twelve tiers, taking up the entire 
screen of a typical display (see Figure 1). In order to provide a simple layout that allows 
comparison of multiple RABC session at a glance, we created a simple, legible fingerprint of 
each RABC session, which we call Plexlines. 
!
Figure 1. The multiple tiers and annotations in ELAN is condensed onto a Plexline. The compactness of the Plexline 
allows everything to be displayed on one screen without having to scroll to view all annotations. 
 
3.2 Plexlines 
Plexlines were developed to visualize timeline data, functionally and legibly. For this project, our 
goal with Plexlines is to reveal temporal patterns and coordinated behaviors available in the 
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RABC annotations. Plexlines capture the essence of behavior while providing a detailed picture 
of many types of information. In the context of this work, one Plexline visualizes over 30 
different annotation codes, while still providing information on actions, duration, behavioral 
patterns, and initiation-response sequences (see Figure 1).  
We categorized the RABC annotations to create a graphical framework. To focus on 
interpersonal interaction, we categorized child-related annotations into directed and non-directed 
annotations. We define directed behavior to be cases in which the child is engaged in social 
interaction directly with the examiner or with intent, including: gaze at examiner, responding to a 
question, or calling for attention. Directed behaviors are further separated into three categories: 
vocal, gesture, and gaze, which are color-coded red, green, and blue respectively. Non-directed 
behaviors are all other annotations not categorized as primary, representing moments in which 
the child is engaged in an activity, but not in direct communication with the examiner, such as 
turning the page of a book. This distinction between directed and non-directed is necessary in 
designing the visual hierarchy of the Plexline. Directed behaviors will be represented more 
prominently through colored circles to distinguish the nuances between each child.  
Annotations relative to the examiner are categorized similarly, separating annotations 
into two types of examiner bids or requests: those in which there is an expected reaction from the 
child, and all else in which there may be any number of reactions from the child. The former 
usually consists of a question or a demand—such as “Can you turn the page?” or “Look at my 
hat!”—and is marked by a filled black point. All other annotations fall into the latter category 
and are represented by a hollow point. Additionally, calling of the child’s name is highlighted 
separately from other examiner annotations because it was included in addition to the RABC.  
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With behavioral data layered compactly as a timeline, Plexlines excel at highlighting 
coordinated behavior, which is an important indicator for high social engagement. Transparent 
circles are used to represent child behavior to support in spotting overlapping circles in Plexlines. 
Overlap of multiple circles indicate coordinated behavior during a RABC session. Children at 
risk of ASD lack coordinated behavior [19], and Plexlines can assist researchers and clinicians in 
identifying them at an early age.  
!
Figure 2. Legend for Plexlines 
!
Figure 3. An initiation-response sequence that can be observed in a Plexline 
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CHAPTER 4: DESIGNING NOTABLES 
 
We developed Notables, an online tool designed for researchers, clinicians, and parents that 
allows for comparison of many RABC sessions at a glance using data gathered from video 
annotations. It is a fully functional system implemented primarily using D3, and provides users 
with features including filtering, rearranging, and customizing Plexlines. We will discuss the 
details of the tool in the following sections. 
 
4.1 Video Support 
While Plexlines are designed to stand alone without video, Notables provides an option to upload 
video for each Plexline. The video screen is located on the top of the webtool, and the Plexlines 
appear as a list below the video screen (see Figure 4). When the corresponding video is 
uploaded, the Plexline acts as a seekbar for navigating the video, which is provided to assist in 
learning and to clarify points of interest that may be confusing in the Plexline. From here, there 
are different ways for the user to explore the child in-depth. For example, in Figure 4, the 
selected Plexline shows that the child gazes at the examiner primarily during the hat stage. When 
viewing the video, the user can see the gaze in context. The visualization’s reliability is 
strengthened by the ability to cross-reference points of interest with key moments in the video.  
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!
Figure 4. The main view of Notables with one Plexline selected. The video can be seen in the top left hand corner 
and the list of Plexlines is located under the video. !
4.2 Multiple View 
One of the interactive features of Notables includes the multiple of views available for Plexlines. 
This feature allows users to view Plexlines through different modes, which is not available in 
static visualizations. RABC sessions vary in length depending on the child. In Notables, users 
have the option of normalizing all of the Plexlines to be the same length in addition to its original 
view. For a more detailed and accurate comparison, the Plexlines can be segmented by five stage 
of the RABC. In the segmented view of the interface, all other functionality remains the same, 
but each segment becomes a Plexline in and of itself. In some ways, the segmented Plexlines 
provide an even more detailed overview than the Plexlines of an entire RABC session as they 
allow for comparison of the individual stages across the children. In the full view, it is 
inconclusive whether a cluster of eye-gaze annotations occurs during the hat stage or book stage. 
Whereas in the segmented view, it is evident that there is a very high frequency of eye-gaze 
occurrences immediately after the first examiner bid in the hat stage (see Figure 5). Each stage 
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has very predictable responses that are more easily clarified in the segmented view, making it 
ideal for exploring more detailed moments of interest. 
 
!
Figure 5 Segmented view of Plexlines. The Plexline is divided into 6 pieces, each corresponding to a RABC stage. 
One can see the high frequency of eye-gaze happening during the hat stage. 
 
4.3 Rearranging and Filtering 
Notables allow users to rearrange and filter Plexlines to accommodate a user’s specific needs. In 
Notables, the Plexlines by default is sorted by the child’s ID number. To compare two Plexlines 
adjacent to one another, users can reorder the Plexlines by drag-and-drop. Notables also allow 
users to filter the Plexlines depending on age and gender. Filtering the Plexlines by age and 
gender in Notables sets the expectations for what patterns of behavior are common among the 
age groups. This feature is particularly useful when comparing two different age groups, where 
the mode and engagement level of the child and examiner interaction differ significantly 
depending on the age of the child. In order to compare one child’s Plexline against all other 
Plexlines, there is an aggregate view. In this view, all other Plexlines are layered on top of each 
other (see Figure 6), allowing easier to distinguish patterns. From the aggregate view, one can 
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see that children are more likely to gesture during the initial stages of the session, a behavior 
missing in the Plexline in Figure 6 (a).  
 
!
Figure 6. A single Plexline (a), and multiple Plexlines in aggregated view (b). !!
4.4 Customization 
Plexlines uses predefined groups for 21 different annotations of child behavior. The directed 
behaviors are classified into color-coded circles, and the non-directed behaviors are displayed as 
hatchmarks. While we initialize each of the categories for users, the webtool allows users to 
customize the Plexline by adjusting these categories. We provide users with a simple drag-and-
drop interface that allows users to move the annotated child actions into other categories (see 
Figure 7). With this functionality, users can tailor Plexlines for their specific needs. If one would 
like to focus only on one specific child behavior such as pointing gestures, all other behaviors 
can be removed from the Plexline to show a simplified version highlighting that one behavior. 
For example, if a user would visualize gaze at ball annotations as circles instead of hatchmarks 
on the Plexline, then they simply have to move gaze at the ball from the others category to the 
gaze category through the annotation module. The flexibility of the webtool accommodates 
researchers and clinicians with distinct needs, and provides an opportunity for users to delve 
deeper by showing less. 
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!
Figure 7. Customization of Plexlines through Notables. 
 
4.5 Architecture 
Notables is built on Backbone.js, a JavaScript library that utilizes the model-view-presented 
design paradigm. Along with Backbone.js, Require.js library is used to load files and modules. 
With the above two libraries, the extensive front-end code can be simplified to accommodate 
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numerous embedded events and future changes in code. Other JavaScript libraries used include 
Underscore.js, and jQuery. Styling is mostly done using the Boostrap front-end framework 
provided by Twitter. The customization tool is built using Gridster.js, a jQuery plugin that 
supports drag-and-drop between multi-column grids. This plugin made the intuitive 
customization page possible (see Figure 7), a feature that all study participants found extremely 
valuable. The visualization is implemented primarily using D3.js library, a library that helps in 
creating dynamic and interactive visualizations. 
One of the main features includes synchronization of video and Plexlines. The video 
option allows users to upload video of a RABC session that corresponds to the Plexline. This is 
built using native HTML5 technology, which enables any user to utilize this option with a 
modern browser without installing additional plugins. Initial design considered hosting the 
videos on a private server, but with the video featuring a vulnerable population, the video feature 
was redesigned to be only available to users who already have the access to the videos. 
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CHAPTER 5: EXPERIMENTAL DESIGN 
 
To evaluate Notables, we recruited eleven (9 female, 2 male) researchers and clinicians with 
research and/or clinical experience in developmental health, including early childhood education, 
intervention, and autism research. Six of the participants reported that they had more than five 
years of research experience. The remaining participants were doctoral candidates. Four 
participants were familiar with the RABC protocol, and all but one participant indicated that they 
had competent knowledge of ASD behaviors. 
We began the study with a five minute introductory video which explained the details of 
the RABC, Plexlines, and the webtool. The participants were then given approximately thirty 
minutes to familiarize themselves with the webtool. During this time, the participants explored 
the functionality of Notables and described how they might use it in their workflow. We 
observed the participants using Notables, and recorded notes describing their use of Notables and 
Plexlines and any comments they shared while using it. After the subjects explored Notables, 
they were given a Plexline comprehension worksheet, which asked the participants to describe 
the behaviors represented by four different Plexlines without the assistance of video or Notables. 
Lastly, the participants were given a survey that included questions to evaluate Plexlines and 
Notables, and indicate their knowledge of developmental health and ASD behaviors on a 5-point 
Likert scale. In addition, we included open-ended questions to list the strength and weaknesses of 
Plexlines and Notables. The study lasted roughly one hour for all participants. 
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CHAPTER 6: RESULTS AND DISCUSSION 
 
Despite our initial concerns, Notables and Plexlines were well received by the researchers and 
clinicians. During our study, we asked the participants to evaluate both Plexlines and Notables. 
On a 5-point Likert scale ranging from strongly disagree (1) to strongly agree (5), participants 
rated that they were satisfied with Plexlines (µ=4.11, σ2=0.33) and Notables (µ=4.33, σ2=0.24). 
We used an open-coding method to label and summarize comments and observations while 
participants were exploring Notables. We found that each participant formed a unique plan when 
exploring Notables, and the goals varied depending on their previous research and clinical 
experiences.  
 
6.1 Evaluation of Plexlines 
In order to fully utilize Notables, participants first familiarized themselves with Plexlines. After 
watching the introductory video and observing a few sample Plexlines, the participants found 
Plexlines interpretable (µ=4.22, σ2=0.39), and started making observations. One participant 
stated, “I’ve been here 15 minutes and already [they’re] a lot easier to read” (P1). Participants 
were all shown the same set of Plexlines, and the participants made similar observations on each 
of them. Participants were able to independently pick out a child that was suspected to be at risk 
for autism: “I can see that this guy is not responding to these bids much at all” (P4), “I really 
want to know what is happening with the little girl!” (P4), and “RA052 stands out the most” 
(P2). The consistency in identifying a child at risk for autism demonstrates the salience of 
Plexlines.  
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Participants could also distinguish between the subtleties in interaction styles through the 
visualization. In the comprehension worksheet, participants used descriptive phrases to describe 
the quality of interaction of a Plexline. The circle patterns of a Plexline that showed rapid back- 
and-forth interactions was described as “very concentrated and frequent” (P5) while a Plexline 
that showed moderate engagement was described as an “even spread” (P8). A descriptive for a 
Plexline of a low-engagement child is one that had “short bursts of gestures” (P7). There was 
consistent agreement among the participants about what types of behaviors the children were 
showing at specific times. Four participants also felt comfortable concluding that they were or 
were not concerned about the child based solely on the Plexline—without any video or 
aggregation for comparison. 
 
6.2 Evaluation of Notables 
When participants were first presented with Notables, each participant independently explored 
the webtool in their own unique way. Most participants spent more than the half hour allotted for 
exploring Notables, forming new hypothesis and strategies while browsing through the Plexlines. 
One participant described her hypothesis and investigation strategy as such: “If you are working 
with children with ASD, the first thing you want to look [for] is gesture and gaze because they 
usually avoid eye contact and have fewer gestures compared to children with disabilities” (P10). 
She continued to utilize the customization functionality to narrow down specific child actions, 
creating a Plexline similar to the one shown in Figure 7.  
A popular strategy that the participants displayed was filtering by age and then searching 
for patterns within the age group. In one participant’s process, “Watching her, I immediately 
think something is going on. She is making a lot of gestures, she is making sounds, but it is not 
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clear to me what is happening yet, so I am filtering down to a tighter age range” (P4). The ability 
to filter profiles and create aggregates for that group proved to be critical for providing the right 
context for making comparisons. For researchers that were interested in a specific type of 
behavior, they preferred to filter by hiding all other behaviors besides the ones they are most 
interested in.  
One participant wrote that one of the most positive aspects of Plexlines is “the ability to 
examine patterns across multiple subjects in one visual field” (P11). Beyond simple browsing, 
the aggregate view is a popular and effective method for making comparisons. Five participants 
specifically stated that the ability to view the aggregate was one of the biggest strengths of 
Plexlines in providing anchors for behavioral expectations. Being able to conduct a data analysis 
on the whole data set is especially critical in explaining visualizations with other people. 
As aforementioned, the researchers and clinicians were slightly more satisfied with 
Notables (µ=4.33, σ2=0.24) than the visualization itself (µ=4.11, σ2=0.33), and found the tool 
easy to use. All participants have provided a score of 4 or higher on a 5 point Likert scale for 
Notables. Few participants commented that they could imagine using this tool during their 
workflow, and two participants showed interest in using Notables with their own data. Overall 
comments show that Notables is not only a practical solution to exploring behavioral data, but is 
also flexible enough to satisfy many users needs, whether it be for researchers, clinicians or 
parents.  
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CHAPTER 7: CONCLUSION 
 
We presented Notables, an interactive webtool for hosting Plexlines. Notables include features, 
which encourage exploration of the visualization, allowing more discoveries to be made. While 
individual Plexlines focuses on understanding the child’s intent and preferred patterns of 
communication through their gestures, gaze, and vocalization, Notables allow users to create a 
comprehensive story that extends beyond just one child, by offering an interface that enable 
users to interact with multiple Plexlines. When Notables were presented to researchers and 
clinicians, they easily identified points of interest for further examination, and navigated. Early 
feedback suggests Notables is (1) practical, and useful in providing a quick overall summary of 
RABC sessions and (2) a useful tool for teaching and explaining the RABC protocol, with an 
interface that excels at making comparisons. We continue to make the tool more robust and 
flexible, by integrating additional visualization techniques and semantic zoom features. The 
customizability of visualizations through Notables can be adapted to many research and 
evaluation strategies. As we continue to make Notables more robust, we seek to extend the 
applicability of Notables to other domains.  
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APPENDIX A: SURVEY !
 Strongly agree Agree Neutral Disagree Strongly disagree 
It was easy to 
interpret 
Plexlines 
! ! ! ! ! 
It was easy to 
compare 
multiple 
Plexlines 
! ! ! ! ! 
The webtool 
was easy to 
use 
! ! ! ! ! 
The webtool 
worked as 
anticipated 
! ! ! ! ! 
 
      
 Satisfied Somewhat satisfied Neutral Dissatisfied 
Very 
dissatisfied 
What is your 
level of 
satisfaction 
with Plexlines 
! ! ! ! ! 
What is your 
level of 
satisfaction 
with the 
webtool 
! ! ! ! ! 
 
 
 
 Expert Proficient Competent Beginner Novice 
How would you rate your level of knowledge on 
Developmental Health? ! ! ! ! ! 
How would you rate your level of knowledge on 
Autism? ! ! ! ! ! 
 
 
 
1. List the most positive aspects about Plexlines. 
 
2. List the most aspects of the webtool. 
 
3. List the most negative aspects of the webtool. 
 
4. List the most negative aspects of the webtool. 
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APPENDIX B: PLEXLINES COMPREHENSION TEST !
For each of the following Plexline samples, please write a few sentences describing the 
behaviors revealed. You may refer to the webtool and the legend if you need clarification. 
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APPENDIX C: INTERVIEW QUESTIONS 
 
 
1. What other features of social and communicative behavior would you suggest us to 
annotate? 
 
2. What applications can you see for the Plexline visualization style in your field of work? 
 
3. What applications to social and behavior communications would be important for 
Plexlines to reveal? 
 
4. How would you use a Plexline after a RapidABC session? 
 
5. What features would the webtool need to be able to customize it to your work? 
 
6. How would you integrate using the webtool into your workflow? 
 
 
